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The use of tissue clearance as a measure of
blood flow has been the subject of widespread
discussion since its introduction by Kety (1).
Although the original work suggests that this
technic evaluates only that portion of the blood
flow involved with the nutrition of that tissue,
many workers continue to comment on the lack
of correlation between clearance and total flow.
This technic has been used to assess the local
effective circulation of various tissues including
skin. Buchanan et al (2), reported that the
significant variations in clearance from differ-
ent skin areas could be related directly to the
vascularity of the site. Conway, et al (3), and
Barron and Veal (4), agreed that clearance was
a function of the amount of blood flowing
through the skin. More recently, Bettley and
Fairburn (5), after studying patients with vari-
ous cutaneous circulatory disorders, reached the
general conclusion that because of the lability
of the cutaneous circulation, and the wide
variations they found, this technic could be of
only limited practical value.
To evaluate this method as a practical tool
for dermatologic investigation, it was decided
to standardize all aspects of the technic, and
use this improved form to study the nutri-
tional circulation of normal and aged skin.
METHODS
In order to establish standard conditions, the
following precautions were scrupulously observed:
(1) All patients were recumbent for five minutes
prior to the beginning of the test. (2) The ex-
tremity to be studied was rested and supported
at phlebostatic level to assure adequate venous
drainage. (3) Injections of 0.75 c of P31 in sterile
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saline were made intradermally, 10.0 cm below
the acromion process for the arm, or 5.0 cm above
the lateral malleolus for the leg. (4) The amount
of isotope remaining at the injection site was
monitored for fifteen minutes using a scintilla-
tion detector and counting rate meter, and the
final curve was obtained by plotting the log of
the isotope remaining at the injection site against
time. The clearance was expressed as the fraction
of labelled ion removed per minute.
The subjects were male volunteers between the
ages of 23 and 90 years. A: The relationship be-
tween different volumes of 1131 injected and clear-
ance rate was established in six normal individuals.
B: The second study concerned the relationship
between age and cutaneous clearance in 44 nor-
mal subjects. C: The possible effects of loss of
muscle function on clearance from the overlying
skin was studied in the arms of 17 hemiplegic
patients.
RESULTS
Warner et al (6) demonstrated that clearance
from muscle increased as the volume injected
decreased. The corresponding relationship was
determined for clearance from skin of the ann
after injection of volumes ranging from 0.0125
ml to 0.05 ml. The results are summarized in
Figure 1. Statistical analysis indicated there was
no significant difference between the mean clear-
ances for any two volumes.
The clearance rates for J131 from skin were
established in a group of 44 normal male vol-
unteers. There were no significant differences
in the cutaneous clearance rates bilaterally, in
either the arms or the legs in any individual.
However, there was a marked difference between
clearance from the skin of the arm and that of
the leg. The values averaged 13.4% min.1
3% and 8.29% mm:' 2% respectively, p less
than 0.001. The clearance values obtained from
this study were then grouped in relation to the
age of the subjects as follows: Group I, 20—40;
Group II, 24—60; and Group III, 60—90 years
of age. Statistical analysis yielded a coefficient
of correlation between age and clearance rate of
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r = —0.17 for arms, and r = —0.26 for legs;
values so close to zero that no correlation be-
tween age and clearance could be claimed. Com-
parison of means for Groups 1:11, 11:111 and
I :111 gave p values greater than 0.05 in all
cases. These results suggest that the ability of
the cutaneous nutritional circulation to exchange
crystaloid material does not decrease as a func-
tion of age. This data is summarized in Table I.
The consistent clearance rates from symmetri-
cal sites made possible a search for bilateral
differences in the skin of hemiplegic patients.
The results summarized in Table II indicate
TIlE 1{ELATTONSTIT1' LTEEEN 131 CLEAIIA3CE AND INJECTION TACTIC FROM
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TABLE I
Ji31 clearance in normal skin in relation to age
I 2]: III
Range
23—39 42-58 63—90
Age in years
Average
Subjects
Clearance rates mins.
Mean
Arms
S.D.
S.E.
Mean
Legs
S.D.
S.E.
29.4
9
14.77%
0.01
8.78%
0.008
48.7
20
13.09%
0.008
8.24%
0.003
66.1
15
11.96%
0.008
7.17%
0.006
TABLE II
J1 clearance from the skin of the arms in
hemiplegic patients
Normal
Arms
Group III
Hemiplegic
Functional Paralyzed
Arm Arm
Subjects
Age range
Clearance rate min."
Mean
S.D.
S.E.
15
60—90
11.96%
3.4%
0.008
15 15
51—82
10.24% 7.73%
2.6% 2.6%
0.007 0.006
Level of significance
P 0.1 0.02
arms.
DISCUSSION
The constancy of the clearance rates in vari-
ous age groups does not parallel the findings
of Hellon and Clark (7). Their plethysmo-
graphic studies showed an increase in the total
blood flow in the forearms of older people which
they suggest was due primarily to increased
circulation through the skin. However, the pa-
rameters measured in these two studies are not
directly comparable so that no real discrepancy
exists. In our interpretion of the data, their ob-
servations would indicate the presence of an
increased number of functional shunts in aged
skin.
Hyman and his workers (8) demonstrated
that alterations in the nutritional circulation in
a given individual are related directly to local
metabolic needs. Extrapolating this argument,
the constancy of skin clearance would imply
that the ability of the cutaneous circulation to
satisfy the metabolic requirements of the skin
does not alter significantly with age.
The hemiplegic patients studied all had a
spastic type of paralysis and, consequently, rela-
20
15
10
<1
11a5
0
The p values indicate that while there is a
significant difference between the clearance rates
from the skin of the functional and affected arms
in hemiplegics, there is little difference between
the functional side and clearance from normal
that the clearance rate from skin over a para-
L50 lyzed muscle was on the average 30% less than
the clearance from the skin of the functional
extremity of the same patient.
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tively little muscle atrophy. It also seems prob-
able that in most of these cases the autonomic
vasomotor fibers were still intact. In spite of
this, the clearance from the skin of the para-
lyzed limb was significantly less than from the
functional side. The reason for this decreased
skin flow in paralyzed limbs is not clear to us
at the present time, and we will refrain from
speculation until further studies are completed.
SUMMARY
The present study has utilized the tissue clear-
ance technic to determine the parameters for
the study of the nutritional circulation of the
skin. Definite criteria were established and, when
they were strictly adhered to, resulted in con-
sistent and reproducible results.
We have established that the clearance rates
for skin are independent of the volume of mate-
rial injected for the range of volumes studied.
However, it must be remembered that these
volumes were quite small in order to give a more
physiologic picture of the blood-tissue exchange
mechanism. Therefore, the use of larger vol-
umes in this type of work cannot be considered
valid unless they are shown to have no intrinsic
effect on clearance.
The range of clearance from specific areas of
normal skin has been determined. The clearance
rates from any site were reproducible, and
varied with a standard deviation of Dif-
ferences in clearance between different areas of
skin were noted, and it is clear that in future
studies controls will have to be determined for
each region being investigated.
In the course of determining the normal
clearance values for the skin of the arms and
legs, it was noted that there was no alteration
in clearance with respect to the age of the sub-
ject. The constancy of clearance from sym-
metrical sites in normal subjects was noted,
while clearance from the skin over the affected
arms of hemiplegic patients was slightly but
significantly diminished when compared to the
corresponding site on the contralateral limb.
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DISCUSSION
DR. IRWIN M. FREEDBERG, Boston, Mass.: there is a remarkable increase in muscle clear..
Have you measured the tissue clearance in ance without significant changes in skin clear-
paralyzed patients following passive exercise of
ance. In regard to the hemiplegie patients, wethe affected limb?
DR. ROBERT I. FREEDMAN (in closing): When did not exercise them, and I would not hazard a
normal individuals are subjected to exercise guess at this point.
